Surface Acoustic Wave Magnetic Field Sensors

Dlomagnetic ..
SenSIng SFB 1261

Jana Meyer, Felix Weisheit, Fabian Lofink, Eckhard Quandt

: : : : Single Crystal SAW sensor (CAU) WP4 Phononic Crystals
Motivation and Objectives .
J Exchange bias y Different
: inpu Ta — >
Surface Acoustic Wave (SAW) Sensor 5 * M — Antiperallel sxchange bias A0Droaches to
Advantages: high bandwidth Challenges: High frequencies (FexiCoro)sSirsBro 100 nm R 10" p?abricate
At ' — new film developments Heo == s .
— many application scenarios . eloctronics deveplo S, som E ohononic crystals
Miniaturization possible P “ %10‘” 28 pTiHz 2 a
SAW Generation Magnetic field detection CowCoulethaliRl00m = . oy . . .
nput 1DT output IDT . g ~— Hes = Improving sensitivity by creating resonant modes aligned with SAW modes
SI.E(I)ectricaI — Mechanical Mechanical — Electrical phase change t_ E)‘tH e . " At — orplsmmoser N resulting in enhanced interaction. [A9-10]
| - : outpu _ 10° 10" 10° 10° 10* _ _ _ _ _ _
2 SAWW” ‘ s Ap(H) Sl?gpnu; Siggal Domain walls An ol exch Frequency / Hz WP5 Integration in biomedical application
- nti parallel exchange i . .
: —wavefront dephasing | P oman aga agm MM+ Providing sensors and measurement  B13(N)
material . —Major noise source -3, AY- experise Localization of
2 P | .
< Optimal exc:|tat|on power « SAW perfect fit due the broadband curr$nt erelelss
L . . . W 10— 3500 TN iliti motility capsules.
Measurement principle is based on the magneto-elastically induced change =~ £ S I Sensitivity and phase capabilities y cap
of Young’s modulus of the magnetostrictive layer (AE effect). 2 [ {a0005 noise depent on
: : : N g 2 excitation power . ISIT .CAU .BOth 2024 2025 2026 2027 2028
Thin-film AIScN SAW sensor (ISIT) Single Crystal SAW sensor (CAU) 8 { lsen
= AIScN on 200 mm Si wafers = Pjezoelectric substrate g 125w I 1 @ . LoD at 5dB WI:_1—Mﬁg- Exchange bias
. . A © g = netic muiti-
» CMP smoothed SiO, (several » SiO, guiding layer (Love wave) & ol YT "ot 200 EESTEESICEECIEE Owest LOL a m layer stacks | Zero bias
: 5 0 5 10 15 20 25 [A9-7] .
SAW mOdeS) u eXChange b|ased Excitation Power / dBm 0dBm  10dBm 20 dBm 24 dBm Acoustic layer
: : : — Thin- | Substrat
"= single quer (F990C010)785'12510 (FegoC040)78S11,B10 M V;ri:ﬁ?;
| | Ta ] Apphcayon
[J FeCoSiB Input Output magnetic stacks
=l IDTs IDTs WP3 -FreqL;-en?
[]3l1 7 ' - Investigation
W AIScN |_/ F . : : Single Desi i
HSi SiO, Guiding Layer ~ ST-cut Quartz Substrate S SAW fabrlcatlon o Crystal Asz:i’;t‘i’::a on
- s = Functional characterization magnetic stacks
Results of the Second Funding Period . i - Structural characterization WP4 - Phononic crystals (Pn)
, _© e S — Integration in
Thin film AIScN SAW sensor (ISIT) 1000 gm ISIT cleanroom 300 gm CAU cleanroom biomedical application

increases the layer growth (c-axis * Enhance exchange bias stacks for thin film SAW A1l: Application of advanced magnetic multilayers to SAW sensors

~ | quality, piezo-acoustic coupling) » Anisotropy alignment for bias-free operation A6: Chemical and structural analysis of AIScN, synchrotron measurements
' WP2 - Thin-film SAW

AISCN deposmon on Si Work plan . . '
NS B | | () ()Alseedon(10())8i % AIN Seed Iayer S|gn|flcant|y WPl Magnetlc mUItllayer StaCkS CO I I a.bo ratl O nS

A8: Modeling of SAW sensor parameters and designs and phononic crystal
A10: Numerical studies on noise and phononic crystals

B1: Analog electronics, noise floor characterization, LOD measurements
B12(N), B13(N): Providing SAW sensors and measurement knowledge

Z1:. Support in SAW sensor fabrication

Z2:. Support with sensor characterization

50

o

Backside substrate

AIScN grown with tilted AIScN bi-layer grown

phase change/°

etch c-axis on sapphire on a Si substrate L
o Participation in focus groups
- \J A woo | thin-film SAW ) ¢ ]
ol WP3 Single Crystal SAW - sensors F1: Magnetic Layers

frequency/MHz Bpo/mT . . - w0 r * ca- o _ - C
The Rayleigh (R) mode, Sezawa (S) mode and other higher order guided ~ * Research on optimal SAW carrier frequency 5 w - Lomparison of Sensor Loncepts
(G) modes are observed and investigated for magnetic field sensing. for the LOD | g i FA: Magnetoelectric Sensors

| | | » Sensitivity improves at higher frequency = & .| * d d
Sensor performance with single layer FeCoSiB . Noise increases near ferromagnetic ol ¥ Funds Requeste
1t I - o . 1/ 2 200 l 2é0 l 3(1)0 l 3é0 l 4(1)0 l 4é0 l 500

Sensitivity: 1200 */mT  LoD: 350 pT/Hz"* at 10 Hz resonance? wavelength normaized deiay ine engr 2 Doctoral researchers, consumables: 66 k€
[A9-1] Schell, V., Mlller, C., Durdaut, P., Kittmann, A., Thormahlen, L., Lofink, F., Meyners, D., H6ft, M., McCord, J., & Quandt, E. [A9-4] Su, J., Fichtner, S., Ghori, M. Z., Wolff, N., Islam, M. R., Lotnyk, A., Kaden, D., Niekiel, F., Kienle, L., Wagner, B., & Lofink, F. [A9-8] Kittmann, A., Mdller, C., Durdaut, P., Thormahlen, L., Schell, V., Niekiel, F., Lofink, F., Meyners, D., Kndchel, R., H6ft, M.,
(2020). Applied Physics Letters, 116(7). (2022). Micromachines, 13(5). McCord, J., & Quandt, E. (2020). Sensors and Actuators a: Physical, 311, 111998.
[A9-2] Moench, S., Meyer, J. M., Zukauskaite, A., Lebedey, V., Fichtner, S., Su, J., Niekiel, F., Giese, T., Thormahlen, L., Quandt, E., & [A9-VS] Meyer, J. M., Schell, V., Su, J., Fichtner, S., Yarar, E., Niekiel, F., Giese, T., Kittmann, A., Thorméahlen, L., Lebedey, V., Moench, [A9-9] Durdaut, P., Mller, C., Kittmann, A., Schell, V., Quandt, E., Kndchel, R., Hoft, M., & McCord, J. (2021). Sensors, 21(16).
Lofink, F. (2022). IEEE Sensors Letters, 6(10), 1-4. S., Zukauskaité, A., Quandt, E., & Lofink, F. (2021). Sensors, 21(24). [A9-10] Samadi, M., Schmalz J., Meyer, J. M., Lofink, F., Gerken M. (2023). Micromachines, 14(11), 2130.
[A9-3] Mdller, C., Durdaut, P., Hollander, R. B., Kittmann, A., Schell, V., Meyners, D., Hoft, M., Quandt, E., & McCord, J. (2022). [A9-6] Wolff, N., Fichtner, S., Haas, B., Islam, M. R., Niekiel, F., Kessel, M., Ambacher, O., Koch, C., Wagner, B., Lofink, F., & Kienle, [A9-P1] Kittmann, A.; Zabel, S.; Yarar, E.; Faupel, F.; Knochel, R.; H6ft, M.; Durdaut, P.; Quandt, E.: DE 10 2016 123 274 B4
Advanced Electronic Materials, 8(6), Article 2200033. L. (2021). Journal of Applied Physics, 129(3), Article 034103.

[A9-P2] Fichtner, S.; Kaden, D.; Wagner, B.; Lofink, F.: DE 10 2018 203812
[A9-7] Schell, V., Spetzler, E., Wolff, N., Kienle, L., McCord, J., Quandt, E., & Meyners, D. (2023). Scientific Reports, 13(1), 8446.



